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摘要 
结构健康监测与振动控制在结构安全及可靠度评估方面起着重要的作用。结
构动荷载是结构设计和结构健康监测的重要基础。然而，在实际工程结构中，直
接通过传感器测量结构的动荷载是非常困难的，尤其是风荷载等分布荷载的测量。
因此，研究通过测量结构响应获取结构动荷载受到广大科研工作者的重视，并取
得了可观的研究成果，但是现有的研究仍然存在一定的局限性。 
另外，在未知激励的条件下进行系统识别（包括结构动位移识别）研究也具
有非常重要的意义。结构动位移是描述结构振动特性非常必要的物理参数，许多
理论方法都是先获得结构位移，然后通过位移获取其他响应信息。因此，动位移
识别对于结构健康监测而言是必不可少的。 
本论文的研究主线是基于数据融合的未知力下的卡尔曼滤波方法，旨在解决
结构健康监测中需要已知结构外荷载的局限性。不仅如此，还将基于数据融合的
未知力下的卡尔曼滤波方法扩展应用于结构动位移和加速度偏差的识别、风荷载
识别。最后，将提出的方法扩展到广义的未知力下的扩展卡尔曼滤波方法，并与
分散控制相结合。 
本论文的第一部分针对现有的未知力下的卡尔曼滤波方法对观测位置有要
求且会产生位移“漂移”问题的局限性，提出了基于数据融合的未知力下的卡尔
曼滤波方法。该方法能够在部分观测结构响应的情况下，且对观测的响应的位置
没有特殊要求，实现结构状态和激励的实时识别，且能在噪声污染的条件下，限
制位移“漂移”问题。 
本论文的第二部分将提出的方法扩展运用于结构动位移和加速度偏差的识
别，其主要思想是：将未知的加速度偏差看作是“未知激励信息”，基于数据融
合的未知力下的卡尔曼滤波方法，进一步提出基于多频率数据融合的动态位移和
加速度偏差识别方法，能够实现在识别出结构动位移的同时，识别加速度偏差。
该方法不仅适用于常数偏差的识别，也适用于非常数偏差的识别。 
本论文的第三部分将提出的方法扩展运用于分布风荷载识别，而不是仅仅局
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限于结构上集中荷载的识别。其主要思想是：假设分布荷载是由关于位置的分布
函数和关于时间的函数组成，且两者相互独立，并将分布函数用关于振型的正交
多项式展开，结合未知力下的模态卡尔曼滤波方法，实现对分布风荷载的识别。 
本论文的最后一部分将本论文的激励识别方法的应用范围拓展到广义的未
知力下的扩展卡尔曼滤波方法，在部分观测结构响应，且无需观测激励处响应的
情况下实现结构状态、参数以和外激励的实时准确识别。不仅如此，将广义的未
知力下的扩展卡尔曼滤波方法，与分散控制相结合，实现了结构识别与分散控制
的一体化。 
本论文的内容围绕未知激励下的结构系统识别和振动控制展开，提出了基于
数据融合的未知力下的卡尔曼滤波方法，并用了相关的数值算例对提出的方法进
行了验证。结果表明，本方法能够在部分观测结构响应的情况下，实时识别结构
的状态和未知的外激励，并有效地解决了位移“漂移”问题。不仅如此，将该方
法扩展应用于结构动位移识别、结构风荷载识别以及结构分散控制中，亦得到了
比较理想的预期效果。 
本论文的研究内容受到国家自然科学基金面上项目“基于数据融合的系列卡
尔曼滤波新方法及结构动位移实时估计和多尺度识别结构局部损伤”（项目批准
号：51678509）以及项目“建筑结构健康监测与振动控制实时结合研究”（项目批
准号：51378445）的支持。 
关键词：荷载识别；动位移估计；风荷载识别；分散控制；卡尔曼滤波 
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Abstract 
Structural health monitoring and vibration control play an important role in 
structural safety and reliability assessment. Structural dynamic load is an important 
foundation for structural design and structural health monitoring. However, it is 
difficult to realize the direct measurement of the structural dynamic load. Therefore, it 
is of great importance to study the dynamic excitation by measuring the structural 
responses. In addition, the structural dynamic displacement is a very important physical 
parameter to describe the vibration characteristics of the structure. In order to conduct 
on-line monitoring and system identification of structural parameters, the availability 
of acceleration response measurements as well as displacement response data is often 
required. From measured displacement, not only velocity, acceleration and deflection 
can be obtained, but also physical parameters of a structure can be estimated. Therefore, 
the identification of structural dynamic displacement is also essential for structural 
health monitoring. 
The masterstroke of this paper is methodology of data fusion based Kalman filter 
with unknown inputs. It aimed at overcoming the limitation of that health monitoring 
method needs to know the structural external load. At the same time, the data fusion is 
used to deal with the drifts brought by measurement noise. What’s more, the proposed 
method is applied to the identification of structural dynamic displacement and wind 
load identification. Finally, the proposed method is extended to generalized extended 
Kalman filter with unknown inputs (GEKF-UI), and the GEKF-UI is combined with 
the decentralized control. 
In the first part of this thesis, the methodology of data fusion based Kalman 
filter with unknown inputs has been proposed in order to dealing with the disadvantages 
of the previously work. Numerical examples have proved that this method can realize 
the real-time identification of the structural state and excitation exactly even if only 
partial responses are observed. In addition, the drifts brought by measurement noise can 
be limited by data fusion. 
In the second part of this thesis, the methodology of multi-rate data fusion based 
dynamic displacement estimation has been put forward. The main idea of this method 
is that considering the unknown acceleration bias as unknown excitation, and then using 
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the method that has been proposed in the first part. Some numerical examples have 
proved that this method can identify the structural dynamic displacement and identify 
the unknown acceleration deviations. 
In the third part of this thesis ， the proposed method is applied to the 
identification of distributed wind load. Suppose the distributed wind load is composed 
by a distribution function represents the distribution parttern of the wind load and 
another function represents the time history. These two functions are independent of 
each other. The mode shape functions are selected as the orthogonal basis for 
distribution function. Then, combing with the modal Kalman filter with unknown inputs, 
the distributed wind load can be identificated. 
In the last part of this thesis，the proposed method has been extended to generalized 
extended Kalman filter with unknown inputs (GEKF-UI). This method can realize the 
real-time identification of the structural state, structural parameters and excitation 
exactly even if only partial responses are observed. Furthermore, The GEKF-UI and 
the decentralized control are combined to realize the integration of structural 
identification and vibration control. 
The research content of this thesis is supported by the National Natural Science 
Fund Project“Kalman Filter Method Based on Data Fusion and Real-Time Estimation 
of Structure Dynamic Displacement and Local Damage Detection by Multi-Scale 
Structure” (Grant 51678509) and“The Integration of Structural Identification and 
Vibration Control.”((Grant 51378445). 
Key words: Input identification; dynamic displacement identification; wind load 
identification; decentralized control; Kalman filter  
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